The size and genomic location of viral transcripts expressed in simian variceUa virus (SVV)-infected Vero cells were determined. Total cellular RNA and polyadenylated RNA were isolated from SVV-infected and mock-infected Vero cells. Viral transcripts were detected by Northern blot hybridization analysis using overlapping SVV DNA probes representative of the entire SW genome. The results indicated that all regions of the SVV genome are transcribed during SVV infection in vitro. At least 53 distinct viral RNA species ranging in size from 9.2 to 0.8 kb were detected. DNA probes derived from the SVV DNA long (L) and short (S) components hybridized to 44 RNAs (9-2 to 0"8 kb) and nine RNAs (4"9 to 0.8 kb), respectively. A transcript map of the SVV genome was constructed. The comparison made between the transcript maps of SVV and varicellazoster virus (VZV) provides further support that the SVV and VZV genomes have an analogous gene organization.
Simian varicella is a natural, exanthematous disease of non-human primates. Epizootics of simian varicella have occurred world-wide in captive populations of African green monkeys (Cercopithecus aethiops) , patas monkeys (Erythrocebus patas) and several species of macaque monkeys (Macaca sp.) (Oakes & d'Offay, 1988) . The disease is characterized by fever and vesicular rash and is clinically and pathogenically similar to human varicellazoster virus (VZV) infections (Padovan & Cantrell, 1986) . Simian varicella is used therefore as an animal model for the study of VZV pathogenesis and latency and for the evaluation of antiviral agents and vaccines Mahalingam et al., 1991 Mahalingam et al., , 1992 Soike et al., 1987; Soike, 1992) .
Simian varicella virus (SVV), the aetiological agent of simian varicella, is antigenically and genetically related to VZV (Felsenfeld & Schmidt, 1975 , 1977 Gray & Oakes, 1984) . Extensive antigenic cross-reactivity between SVV and VZV proteins and glycoproteins has been demonstrated by immunoprecipitation analysis using heterologous antisera . The antigenic relatedness has also been demonstrated by the ability of VZV immunization to protect non-human primates against simian varicella following subsequent challenge with SVV (Felsenfeld & Schmidt, 1979) . SVV and VZV DNA share 70 to 75 % DNA similarity which is distributed across the viral genomes (Gray & Oakes, 1984; .
The SVV genome is 121 kbp in size and consists of a long (L, approximately 100 kbp) component covalently linked to an invertible short (S, approximately 20 kbp) component ( Fig. 1 ; Gray et al., 1992; Clarke et al., 1992) .
The S component includes a unique short region (Us, 4"9kbp) bracketed by inverted repeat sequences (approximately 7.2 kbp). DNA sequence analysis has demonstrated that the SVV and VZV U s regions have a similar genetic content and include four homologous open reading frames (Fletcher & Gray, 1993) .
Characterization of SVV and VZV gene expression is hampered by the cell-associated nature of the viruses (Schmidt, 1982) . Relatively low cell-free virus titres (< 105 p.f.u./ml) are attainable in vitro, thus preventing synchronous infection of cell cultures at high m.o.i. Therefore, studies to determine the kinetics of SVV or VZV transcription have not been possible. Northern blot hybridization analysis has been used to characterize VZV RNA isolated from infected cells and to construct VZV transcript maps (Ostrove et aL, 1985; Maguire & Hyman, 1986; Reinhold et al., 1988) . This work has been supported by more detailed transcriptional analysis of several VZV genes (Sawyer et al., 1986; Felser et al., 1988; Kato et al., 1989; Ling et aL, 1991 Ling et aL, , 1992 Stevenson et al., 1992) .
In this initial study of SVV gene expression, viral transcripts in SVV-infected cells have been characterized and a SVV transcript map has been constructed. Uninfected and SVV-infected African green monkey kidney (Vero) cells were mixed at a ratio of 4: 1, respectively . At 24 h post-infection the infected cells exhibited generalized cytopathic effects. Total cellular RNA and polyadenylated [poly(A)] RNA were isolated from infected and uninfected cells as previously described (Gray et al., 1987) . RNA samples (20 lag) were denatured, fractionated by electrophoresis 0001-1610 © 1993 SGM in formaldehyde gels containing 1% agarose, and transferred to GeneScreen Plus (Dupont) hybridization membranes (Gray et al., 1987) . SVV DNA probes were a2P-radiolabelled using a random primers DNA labelling system (Bethesda Research Laboratories). Hybridizations were performed at 42 °C in buffer containing 50 % formamide, 1% SDS, 1.0 u-NaC1, 10 % dextran sulphate and 106 c.p.m. DNA probe. Hybridization membranes were washed at 65 °C in double concentration SSC (0.3M-sodium chloride, 0"3M-sodium citrate) and 1% SDS. Viral transcripts were detected by autoradiography. Each of the 42 overlapping SVV DNA probes derived from the entire SW genome hybridized to SVV RNA isolated from infected cells ( Table 1 ). The results indicated that all regions of the SVV genome are transcriptionally active during SVV infection in vitro. All of the SVV transcripts were polyadenylated as indicated by the finding that each of the SVV transcripts was detected in both total cellular RNA and poly(A) RNA (data not shown). No hybridization was detected between any of the SVV DNA probes and mock-infected cell RNA (data not shown). The results of the Northern blot analysis were used to construct a transcript map of the SVV genome (Fig. 1) . Relatively low abundance SVV RNAs that could not be confirmed by overlapping SW DNA probes were not included in Table 1 or on the transcription map.
The 32 SW DNA probes which included SVV DNA L component sequences detected at least 44 distinct SVV RNA species ranging from 9.2 to 0.8 kb in size ( Fig. 1  and 2 , Table 1 ). A large 9.2 kb SVV transcript was confirmed using three different SVV DNA probes (BamHI H, and EcoRI H and F). In several instances the data suggested that multiple RNAs may be transcribed from the same DNA sequence. For example, the 3.0 kb BamHI 0 probe detected 4.0, 2.8, 1.7 and 0-8kb transcripts. This finding is not unexpected since transcriptional studies have demonstrated that families of 5' or 3" coterminal RNAs may be transcribed from VZ¥ genes (Ling et al., 1991 (Ling et al., , 1992 .
SW transcripts mapping to the S component of the SVV genome were detected with 12 SW DNA probes (Table 1, Fig. 3 ). Two SVV RNAs (4.3 and 1-2 kb) mapped to the viral inverted repeat sequences. These transcripts would be expected to be expressed from each of the duplicated genes in the internal and terminal inverted repeats. Seven SVV transcripts (4.9, 3.6, 2.8, 2.2, 1-3, 1"0 and 0.8 kb) mapped to the Us region of the SVV genome. The 4.9 kb transcript is of particular interest since the entire SVV U s region is 4.9 kb in size. Previous DNA sequence analysis of the SVV DNA U s region has 4.9, 3-6, 2.8, 2.2, 1.3 BamHI P 4.9, 3"6, 2.8, 2.2, 1'0, 0"8 BamHI P5-2 4.9, 3.6, 2-8, 2.2, 1.0, 0-8 BgllI I 4"3, 1'9 * All of the SVV DNAs were cloned restriction endonuclease fragments except the BgllI fragments which were gel-purified from genomic SVV DNA.
t Sizes of RNA species were determined by comparison with RNA size markers: bovine liver rRNAs (28S and 18S), Escherichia coli rRNAs (23S and 16S), and a 0.24 to 9-5 kb RNA ladder (Bethesda Research Laboratories). identified four open reading frames which code for a putative 9K tegument protein, a protein kinase and glycoprotein homologues of VZV glycoproteins IV and I (Fletcher & Gray, 1993) . Detailed transcriptional analysis of the Us region is in progress to determine whether multiple RNA species are transcribed from specific U s region genes.
A total of 53 distinct SVV RNA species were mapped on the SVV genome. This figure probably underestimates the total number of viral transcripts because some of the bands detected by Northern blot analysis may actually represent multiple SVV transcripts. In addition, adjacent or overlapping restriction fragment probes may not differentiate distinct viral transcripts of identical size. Using the same procedures Ostrove et aL (1985) identified and mapped a similar number (58) of distinct VZV RNA species. Maguire and Hyman (1986) mapped 41 to 67 VZV poly(A) RNAs. A later, more detailed study detected and mapped 77 distinct VZV RNA species and several low abundance transcripts (Reinhold et al., 1988) . Undoubtedly, the SVV transcript map will also be further refined by more detailed analysis of specific regions of the SVV genome.
Comparison of the SVV transcript map with the previously reported VZV transcript maps reveals several similarities. Ostrove et al. (1985) used VZV DNA probes to map 3.1 and l'8kb transcripts to the VZV L component terminus at map units (m.u.) 0.00 to 0"08. The SVV DNA L terminus (m.u. 0.00 to 0.03) encodes two transcripts of similar size (3.5 and 1.3 kb). The SVV 9.2 kb transcript at m.u. 0.28 to 0.37 corresponds to an 8"8 kb VZV RNA species mapped by Reinhold et al. (1988) to VZV DNA at m.u. 0.293 to 0.397 and to an 8"1 to 8"6 kb VZV transcript mapped by Maguire & Hyman (1986) to the same region ofVZV DNA. An 8.2 kb open reading frame predicted by DNA sequence analysis corresponds to this area of the VZV genome (Davison & Scott, 1986) . Similarities between the transcript maps of the S components of the SVV and VZV genomes are also evident. Two viral transcripts map to the SVV inverted repeat sequences (4.3 and 1.2kb) and to the VZV inverted repeat sequences (4.3 and 1.4 kb). The 4-3 kb VZV RNA is transcribed from gene 62, an immediate early gene homologue of the herpes simplex virus type 1 ICP4 gene (Davison & Scott, 1986) . The DNA sequences that encode the SVV 4"3 kb transcript have been reported to be homologous to VZV gene 62 . Six RNA species have been mapped to the U s region of the VZV genome (3"7, 2.6, 2"05, 1.8, 1"65 and 1"1 kb) compared with the seven RNAs that map to the SVV DNA U s region.
The analogies between the SVV and VZV transcript maps provide further evidence that the SVV and VZV genomes have a similar gene organization. DNA homology studies have demonstrated that specific SVV and VZV genes map to collinear genomic map positions . In addition, DNA sequence analysis has demonstrated that the SVV and VZV U s regions have a nearly identical gene arrangement and transcriptional orientation (Fletcher & Gray, 1993 The characterization and mapping of SVV transcripts reported in this study will provide a foundation for more detailed transcriptional studies of specific SVV genes and further investigation of SVV gene expression. The transcript map will complement DNA sequence analysis of the SVV genome. In addition, this information may be useful for investigation of the role of particular viral genes in pathogenesis. SVV establishes a latent infection in the dorsal root ganglia of infected monkeys (Mahalingam et al., 1991, 1992 ). It will be of interest to determine whether specific SVV genes are transcribed during latency. Investigations of VZV latency have indicated that certain regions of the VZV genome are transcriptionally active in latently infected tissues (Gilden et at., 1992; Croen & Straus, 1991).
